Recent rapid growth of the aquaculture industry and the necessity to comply with environmental standards suggest the need for studies on the possible negative effects of this type of industry. One of the most devastating effects of aquaculture is water pollution caused by the discharge of untreated effluent from fish farms into aquatic ecosystems. Assessment of the pollutants requires an optimal design of a water monitoring network in a way to demonstrate changes in aquatic environments. Accordingly, the present study used multivariate statistical analysis to determine sampling frequency for optimal monitoring of the contaminants resulting from trout farms in the Haraz River in northern Iran. For this purpose, a total number of 17 physical and chemical water quality parameters were sampled monthly over a one-year period based on the instructions recommended in the standard method (2005) [1]. The results showed that changes in biochemical oxygen demand (BOD) during the warm months of summer were very high and reached its peak in August and September. This may be attributed to the increased fish production in fish farms, increased food intake to feed the fish, and higher rate of discharge from fish farms containing waste feed and fish faeces. The nitrate also reached its maximum level in June due to the same reasons. Conversely, dissolved oxygen (DO) level was the lowest in the warm months (August and September). The reason would be increased consumption of DO due to higher production rate in the fish farms and increased metabolism of fish in warm months. Overall, the findings confirmed the applicability of multivariate techniques in
Introduction
Surface water resources have a great potential for contamination. They have long been threatened seriously by human and industrial activities. Wastewater from manufacturing and non-manufacturing industries can jeopardize the ecological equilibrium of aquatic habitats [2] [3] [4] [5] . One of the most common uses of water resources is aquaculture, and cold-water fish farms along rivers have become a common sight.
The wastewater from these sites is directly discharged into rivers and causes many adverse effects, such as disruption of the natural equilibrium in aquatic ecosystems [6] [7] [8] [9] [10] . The development of aquaculture and the necessity to comply with environmental standards clarify the need to study the potential adverse effects of this industry. One of the most devastating effects of aquaculture is microbial contamination of the receiving aquatic environments and outbreaks of parasitic diseases among aquatics, which are usually caused by the discharge of untreated effluent from fish farms into aquatic ecosystems [11] [12] [13] [14] .
Nowadays, aquaculture activities, as one of the most important sources of food supply in the world, have enjoyed high rates of growth. In line with the development of aquaculture, like any other industry, its resulting environmental effects have become the center of attention worldwide. As such, Pine and Boyd (2011) examined the effect of fish farms on salinization of surface water resources in the Blackland Prairie region [15] . They confirmed damaging effects of the industry on the aquatic environment and reported that the chloride contents exceeded the in-stream standard of 230 mg/L for chloride concentration in freshwater, as recommended by the Alabama Department of Environmental Management. Saremi et al. (2013) studied the effects of aquaculture effluent on water quality parameters of the Haraz River [16] . According to their report, construction of highcapacity fish farms can have a significant impact on the Haraz Basin, especially by reducing dissolved oxygen (DO) and increasing the concentration of nutrients and biochemical oxygen demand (BOD). In another study by Mohseni Bandpei and Yousefi (2013) on the Haraz River, the status of water quality parameters was checked along the river. According to their results, a significant difference was observed between the levels of total phosphate in upstream and downstream areas of the fish farms [17] .
Ruiz-Zarzuela et al. (2009) studied the effects of fish farming on the water quality of 12 rivers in northeastern Spain [18] . Their results showed a significant decrease in pH and DO, as well as a sharp increase in chemical oxygen demand (COD), ammonium, phosphates, and microbial parameters downstream of the fish farms. were significantly different from one farm to another [19] .
Mahboobi Soofiani et al. (2012) investigated the effects of effluent from the trout fish farms on the water quality of the Zayanderood River in Iran [20] . Although the concentration of none of the water quality parameters exceeded the permissible limits, levels of BOD, COD, and TSS showed a significant increase surrounding the fish farms.
As observed, fish farms can be a source of contamination for aquatic environments. This clarifies the need for quality control of receiving environments. Due to the high cost of water quality analyses, determining the frequency of sampling is considered one of the most fundamental aspects of monitoring. Limiting the number of measurements in a way that the monitoring system, as a whole, can demonstrate the temporal changes of water quality parameters will lead to considerable savings in time and budget. Unfortunately, at present -despite the scarcity of drinking water in most cities and towns in Iran -there is no particular standard for establishing cold-water fish farms on permanent rivers. The fragility of surface water resources necessitates monitoring the pollutants at the outlet of the fish farms and observing a safe distance between the nearby fish farms to allow self-purification of rivers. During recent years and in line with the policy in Iran to increase the production rate of fish, construction of cold-water fish farms along the Haraz has increased considerably. Unfortunately, most of them have been constructed without respecting environmental criteria and considerations. As such, most of the farms have been constructed adjacent to each other, without observing the necessary intervals between the upstream and downstream fish farms. Furthermore, the effluent from the fish farms is not treated before being discharged to the river.
Obviously, contamination of water resources by aquaculture activities will be a serious problem in the not too distant future, particularly due to the need for new sources to supply drinking water needs of the increasing population [6] . According to FAO in 2004, aquaculture activities along the Haraz supply more than one third of the fish consumed in the region [17] .
The foregoing reveals the necessity for the measurement of pollutants from aquaculture industries. In this regard, this research was conducted to determine temporal sampling frequency of pollutants caused by Haraz trout farms in order to prepare an optimal environmental monitoring program. It should be determining temporal frequency of the measurements during the monitoring period. By which it would be possible to recognize the reality of changes in water quality, with fewer measurements, and in less time and cost. mentioned that the Haraz is important for three reasons. First, it is the only permanent river passing through Amol, which gives special privileges to the urban landscape of that city. Second, the river is exposed to the contaminated effluent and wastewater from urban centers (Amol and Gazanak) and dozens of rural areas in the basin [21] , its surroundings, and mineral hot springs. Third, the river is of great social importance for upstream areas in terms of drinking water supply for Amol through the Mangol Dam and, in the near future, to downstream areas due to water supply by a diversion dam.
According to the above-mentioned reasons, the present study was performed to monitor Haraz water quality as one of the most important water sources for drinking and agricultural purposes. The vulnerability of this water source, on the one hand, and high cost of water treatment and semi-humid weather conditions in the river basin, on the other hand, necessitates the control of contaminants at origin.
Experimental Procedures

Study Area
Haraz is one of the most important rivers in the Caspian Sea basin. It is also the largest river by discharge of water in western Mazandaran Province, and one of the three largest rivers by discharge of water in northern Iran [22] . The river is 185 km in length [22] and the area of the river basin is approximately 5,100 km 2 , located in the northern part of Alborz Mountains within the latitudes 35°45'-36°42' E and longitudes 51°27'-52°42' E [23] . Figure 1 demonstrates a schema of the Haraz and the distribution pattern of the sampling points (the outlet of the fish farms).
Research Procedure
In this research, measurement parameters were prioritized based on a number of factors, including the polluting risk, public concern on a particular contaminant, controllability of the existing contamination sources and their potential for contamination, and the type of water use. The samples were taken monthly from 15 stations during a one-year period from September 2013 to September 2014. All of the 15 fish farms in the region were sampled. In general, our criteria for determining the sampling stations (based on proximity to fish farms) were: 1. Proximity to the inlet and outlet of fish ponds where a fish farm is located. 2. Before and after the discharge from point sources of pollution, fish ponds (where pollutants are mixed with water and a uniform state is created, as well as where there are several fish farms adjacent to each other). In total, 17 parameters were tested in this research, including BOD, DO, nitrate, phosphate, TDS, ammonia Table 1 gives the measurement methods and devices used for sample analysis.
Before statistical analyses, the normality and proportionality of the experimental data was tested using the Kolmogorov-Smirnov (K-S) test. For this, the goodness of fit test for normal distribution was done using parametric methods. Data obtained from sampling and analyses over the one-year period were grouped and analyzed based on the fitting model.
The Kolmogorov-Smirnov test (KS-test) tries to determine if two datasets differ significantly. The KStest has the advantage of making no assumption about the distribution of data. (Technically speaking, it is nonparametric and distribution free.) Note, however, that this generality comes at some cost: other tests (for example Student's t-test) may be more sensitive if the data meet the requirements of the test.
The sampling frequency in water quality monitoring depends on several factors, including the objectives and significance of monitoring, pollution source type, qualitative indicator parameters, and available facilities. "Mean" is the most common statistical parameter for assessing water quality parameters. The main purpose of the determination of the sampling frequency is to provide a good estimation of mean. For this, it is required to first specify a "confidence interval around the mean" to recognize the relationship between sampling frequency and changes in water quality. A 100% confidence interval (1-α) around the population mean is calculated as follows:
…where Z a/2 is the frequency coefficient of the standard normal distribution for the possibility of increasing a/2. For example, for the confidence level of 95%, Z 0.025 will be 1.96. If the samples are independent, then:
…where n is the number of samples and σ is the variance of population. Therefore, the 95% confidence interval around the mean of population will be: Narrow confidence intervals indicate a little uncertainty in the estimation of mean. In the above relation, variance (σ 2 ) of the community is a part of its characteristics so that the network design cannot actually change it. The percentage of confidence level (1-a) should be selected based on the required accuracy and financial constraints.
In simple terms, the main objective in determining sampling frequency is to select "n" in such a way to achieve, in accordance with the purposes of the monitoring network, acceptable widths for the confidence intervals around the population mean [24] . (Note that all statistical analyses and mathematical calculations were performed using Excel 2007, SPSS 16, and MINITAB 15 software.)
Results and Discussion
The results of the descriptive statistical tests, including central tendency and dispersion by the sampling data, are presented in Table 2 . As shown, the highest and lowest DO levels were 9.1 and 3.5 ml/L, respectively. For BOD, the highest measured level was 150 mg/L. Furthermore, the highest and lowest levels of nitrate were 8.1 and 0.04 mg/L, respectively, while the highest and lowest levels measured for phosphate were 3.7 and 0.01 mg/L, respectively.
Analysis of Water Quality in Different Months
According to the statistical analysis of water quality parameters in different months, the lowest level of BOD was 1 mg/L, observed in Stations 2 and 3, which is a sign of cleanness of the river water. In November, the lowest BOD level was 1 mg/L, reported from Stations 1-4. This may attribute to the rapid flow of the river in the mountainous terrain of the region, which removed contaminants from the river water. The lowest Cd level in the same month was 0.001 μg/L, reported from In January, the highest turbidity level was 1,490 nephelometric turbidity units (NTU), measured in Station The highest BOD in August was 150 mg/L, reported from Station 10. This was mainly due to the close proximity of several fish farms and the warmth of the water, accelerating the rate of reactions. The highest phosphate level in this month was 3.7 mg/L as measured in Station 10, where there are several fish farms close each 
Analysis of Variance and Comparison of the Mean Values
Statistical Test Results by Month
To analyze the measurement data obtained from all 15 sampling stations, analysis of variance was conducted by SPSS in the form of fully randomized blocks. The analysis was done separately for sampling periods as replication and the sampling stations as treatment. The results of ANOVA test for the parameters measured in different periods indicated a significant difference between the sampling periods. Therefore, to ensure the test results of water quality parameters in different periods, the mean values were compared using the Duncan test at a 5% level (Table 3) .
Since, according to the ANOVA test, no significant difference was found between the mean values of turbidity in different months of sampling (p-value≥ 0.05), there was no need to use the Duncan post hoc-test for pairwise comparison of the turbidity parameter. For the rest of the measured parameters, a significant difference was observed in various months of sampling (P≤0.05). Therefore, Duncan was used to compare pair-wise the mean values of the measured parameters in different months. A brief description on the obtained results follows.
The lowest DO level was reported in September, possibly due to high oxygen demand in response to increased metabolism in the fish farms. The highest DO levels were observed in January, February, and March owing to the cold weather and elimination of contamination. A pair-wise comparison of BOD showed a significant difference in various months, at a confidence level of 95%. The lowest BODs were observed in December, November, March, April, February, May, January, and June, indicating decreased contamination and a reduction of BOD in fish farms at this time. The highest BODs were measured in August and September due to the warm weather and increased use of foodstuffs, together with the higher metabolism of fish in fish farms.
According to Duncan, we found that the nitrate levels significantly differed at the confidence interval of 95%, within the various months of sampling. The lowest nitrate was measured in December, November, October, March, July, April, February, and August due to the discharge of fish farm effluent. The highest nitrate was reported in June, owing to consumption of foodstuffs and disposal of residuals from fish farms. A pair-wise comparison of phosphate levels by Duncan indicated that the parameter varied significantly, at the confidence interval of 95%, over the different sampling months. The highest phosphate level was measured during September and August because of increased consumption of foodstuffs in fish farms and higher metabolism of fish in the warm months of the year. The lowest phosphate level was reported during December, November, October, March, February, January, April, and May due to the cold weather. Duncan revealed a significant difference of TDS (at a confidence interval of 95%) in various months of sampling. The lowest TDS levels occurred in November, June, December, May, July, August, and September, which can be due to the cold weather and diminished water minerals. Based on the pair-wise comparison of EC levels by Duncan, it was observed that the parameter differed significantly in different months of sampling (confidence interval 95%). The lowest EC values in December, June, May, November, March, April, and February were due to diminished water minerals in the cold months. The highest EC levels occurred in July, October, January, August, and September due to the increased levels of minerals in the water. A data comparison by Duncan indicated that there is a significant difference between the values of TSS in various sampling months at a confidence level of 95%. TSS from the fish farms and sand and gravel workstations reached its peak in September, July, June, and August. On the contrary, in December, October, November, February, March, January, May, April, September, July, and June, TSS level was lower owing to the cold weather and reduced level of contamination.
The pair-wise comparison of Cd levels by Duncan revealed a significant difference in different months of sampling (confidence level 95%). The highest levels of Cd were observed in September, July, and August owing to the use of chemical fertilizers containing heavy metals to feed the fish. The lowest Cd levels were recorded in June, April, May, March, December, November, October, and February. Fig. 2 depicts the changing trends of nitrate, phosphate, DO, and BOD in different months of sampling. According to this figure, the BOD changes in the warm months of the year (in summer) were considerable and reached their peak in August and September. High levels of BOD in these months could be due to increased production in the fish farms, higher consumption of foodstuffs to feed the fish, and increased discharge from the fish farm containing fish fecal matter. Warm weather was also one of the causes for increased BOD at this time. As the temperature rises, the metabolism grows and this causes an increase in the demand for biological oxygen. The nitrate levels reached their maximum level in June, owing to increased consumption of foodstuffs to feed the fish as well as the increased discharge of effluent, containing fish fecal matter, from the fish farms due to the increased production during the month. In contrast, the DO level was the lowest in warm months of the year (August and September). The reason for the minimum level of DO in these months was increased demand for DO in the fish farms, resulting from higher production rates and increased metabolism during the warm months in fish farms. In research conducted in northwestern Poland, the greatest increase of organic matter and nutrients in a river was reported at the time of effluent discharge from fish farms when the BOD 5 level increased from 8.9 to 18.3 mgO 2 /dm 3 [25] . Farmaki et al. (2015) also highlighted the effect of aquaculture on increasing the level of phosphorus and nitrate in the receiving water resources [26] . León-Muñoz et al. (2013) also investigated the concurrent effect of construction of trout farm pools and land use changes on the quality of water and sediments in Rupanco Lake in Chile and reported similar results [27] . León-Muñoz et al. (2013) revealed that nitrogen compounds increased dramatically either in water or sediments of the lake [27] . They attributed these changes to the conversion of the land use surrounding the lake to pastures, agricultural lands, and fish farms (Fig. 2) .
The research findings showed that multivariate statistical analysis is very applicable in determining the sampling frequency in the sampling stations. The effectiveness of this method has been proven by many other studies with similar topics. As such, Lopes et al. (2014) used multivariate statistical methods to assess the quality of water behind a large reservoir in Brazil [28] . They concluded that these techniques are very effective in reducing the number and frequency of samplings and this can lead to considerable savings in the cost of tests. In similar research on the Tigris River by Ismail et al. (2014) , the role of multivariate statistical methods was evaluated to be quite positive in the design of an optimal monitoring network [29] . Likewise, Mohamed et al. (2015) used these methods to optimize a water quality monitoring network in the basin of the Klang River and were very satisfied with the obtained results [30] . Guigues et al. (2013) integrated ANOVA and multivariate statistical methods to redesign a water quality monitoring network [31] . They concluded that this technique was very applicable in understanding the complex nature of water quality issues and determining the priorities to improve water quality.
Conclusions
Generally, the findings of this study confirmed the applicability of multivariate techniques in determining the temporal frequency of measurements during the monitoring period. Determining the temporal frequency of water quality variables is the most important step in the design and operation of an optimal water quality monitoring network. Although continuous measurement of water quality parameters throughout the year seems necessary in some cases, it is not cost-effective. Therefore, the variables should be categorized temporally and limited to specific time periods in a way to demonstrate the reality of all changes in the quantity of water.
As discussed in this research, multivariate statistical techniques are one of the best ways to classify water quality parameters and determine the relative significance of the measurement periods and temporal frequency of monitoring.
These methods, taking into account the relationship between variables, can be beneficial in positioning the measurement stations and identifying the main water quality parameters to show the changes in the entire system under study. This will play a significant role in saving the time and cost of measurements. In other words, designing a water quality monitoring network with good performance is one of the most important issues in determining the quality of river water in a way that the measured parameters can indicate the whole changes in the water quality of the system to the extent possible. Identifying the stations of higher priority and main measurement parameters can be effective in making future decisions to optimize an existing water monitoring network, adding or excluding the measurement stations and new parameters, and updating the frequency of sampling.
TSS, BOD, and the remnants of medicines and chemicals are the three main sources of pollution contaminating the effluent from fish farms. These can be originated from different sources such as unused food, feces, urine, debris, and medicines (fungicides, malachite green, and antibiotics). Special attention should be paid on appropriate management practices to control the entry of the three types of pollutants to the receiving water resources. In this regard, issuing any license by relevant authorities for the establishment of fish farms must be subjected to compliance with all the environmental requirements. Accordingly, by principled aquaculture, environmental effects caused by the industry will be avoided in the future. In this respect, the following recommendations would be helpful: -Accurate control and supervision by the organizations responsible for monitoring programs on strict enforcement of laws and discharge standards. -Integrated soil and water management in the basin by the organizations responsible for the monitoring program. -Study of suitable methods for managing, reducing, and controlling the effluent in accordance with a region's situation. -Preventing the discharge of wastewater into the river and construction of wastewater treatment systems for urban (Amol and Gazanak cities) and rural population centers. -Establishing an online monitoring network at the hydrometric stations. -Pre-treating hot mineral waters on the fish farms. -Monitoring and controlling chemical fertilizers and poisons consumed by farmers by encouraging them to produce organic products for the purpose of preventing contamination of surface and underground water resources caused by agricultural drainage.
